Cytokine-mobilized peripheral blood stem cells (PBSC) are increasingly used as an alternative to bone marrow for allogeneic transplantation.
Cytokine-mobilized peripheral blood stem cells (PBSC) are increasingly used as an alternative to bone marrow for allogeneic transplantation. [1] [2] [3] Potential advantages of this approach over bone marrow transplantation include donorrelated and recipient-related factors, which are reviewed in detail elsewhere. [1] [2] [3] PBSC collection may allow donors to avoid surgery, anesthesia (general or spinal), hospitalization and potential exposure to allogeneic blood products. 2, 3 Data on the safety and efficacy of PBSC apheresis are increasing but remain limited to relatively small published series reported by single institutions. [4] [5] [6] [7] [8] [9] [10] Experience with marrow harvesting is much more extensive. [11] [12] [13] The risk of serious complications for marrow donors in published series of 3000 to 8000 patients is 0.3%. 12, 13 Before PBSC apheresis can be widely endorsed, evaluation of large numbers of donors harvested at multiple institutions is necessary.
In this study we reviewed donor-related data for nearly 1500 PBSC transplants reported to the International Bone Marrow Transplant Registry (IBMTR) or the European Blood and Marrow Transplant Group (EBMT) between 1994 and 1998.
Materials and methods

Donors for allogeneic PBSC transplants between 1994
and 1998, registered with the IBMTR and/or EBMT were eligible for this analysis.
The IBMTR is a voluntary working group of more than 400 transplant teams worldwide that contribute detailed data on their allogeneic transplantations to the Statistical Center at the Medical College of Wisconsin. Participants are required to register all consecutive hematopoietic stem cell transplantations, regardless of graft type. The IBMTR database includes information on 40-45% of all allogeneic transplantations since 1970. Computerized error checks, physician review of submitted data, and on-site audits of participating centers ensure data quality.
The EBMT is a voluntary group of 436 transplant centers located primarily in Europe. Data quality of participating centers is checked by the EBMT Statistical Office at the University College of London Hospitals and regular site visits to centers selected on a random basis. For this analysis, centers registering allogeneic PBSC transplants in 1995 and 1996 were contacted and asked to provide detailed reports for all consecutive cases of unmanipulated allogeneic PBSC transplants from HLA-identical sibling donors performed between January 1995 and June 1996. Detailed data on bone marrow transplants during this time period were not specifically requested. Data were reviewed to eliminate duplicate transplantations between the two registries.
The current prevalence of PBSC transplants was calculated using data available from all centers who registered their consecutive hematopoietic stem cell transplantations with the IBMTR between 1994 and 1998, including EBMT centers who also participate in the IBMTR. More comprehensive research data were available for a subset of these patients submitted on IBMTR Report Forms or EBMT Med-B data collection forms (available on request). These were used for all other descriptive analyses. Donor complications were available only for transplants reported on IBMTR forms or on supplemental data forms completed by EBMT teams and are presented as reported verbatim in response to the question, 'Did a donor complication occur? If yes, please specify.' Data on bone marrow donations done between 1994 and 1998 and reported to the IBMTR were used for comparative purposes. Severity of donor complications, aside from death, is not collected. Decisions regarding whether an event is an anticipated side-effect or a true complication, and whether it is severe enough to warrant reporting are left to the discretion of the team. Chisquare or Wilcoxon rank-sum tests were performed for comparisons of categorical and continuous data, respectively. All statistics were performed using SAS statistical software.
Results
Twenty six thousand seven hundred and eleven allogeneic transplants with either PBSC or bone marrow grafts, for all indications, were registered with the IBMTR between 1994 and 1998. Of these, 4348 (16%) were PBSC grafts, the remainder were bone marrow grafts. In 1994, PBSC was the source of stem cells for only 2% (n = 92) of all allogeneic transplants registered with the IBMTR (n = 4880). By 1998, 26% (n = 1341) of all registered allogeneic transplants (n = 5153) were from peripheral blood.
Detailed data were available for 1488 PBSC donors of all ages reported to the IBMTR or EBMT (IBMTR n = 742; EBMT n = 746) for all indications between 1994 and 1998 by 152 teams worldwide.
Donor characteristics
Characteristics of PBSC donors and collections are shown in Table 1 . The median age of PBSC donors was 38 years (range Ͻ1-76); 55% were male. Of 1486 evaluable donorrecipient pairs, 1322 (89%) were HLA-identical siblings, with most others being partially HLA-matched relatives. Only 15 (1%) PBSC donors were not related to their recipi- ent. Nearly all evaluable PBSC donors received recombinant human granulocyte colony-stimulating factor (G-CSF) prior to leukapheresis. Approximately 40% of evaluable donors underwent a single leukapheresis procedure. Fortyfive percent underwent two, 11% underwent three, and 5% underwent 4 or more leukaphereses. The percent of donors requiring three or more phereses declined from 35% in 1994 to 5% in 1998. Among donors for whom venous access data were available (n = 828), 20% had a central vascular catheter placed for leukapheresis. For donors with data on venous access device and number of collections, those using a central vascular device were more likely to require only one collection than donors collected with a peripheral venous catheter (55% vs 39%, p = 0.03).
Compared to PBSC donors, bone marrow donors were significantly younger (median age 32 vs 38 years, P = 0.0001) ( Table 1 ). The gender distributions of bone marrow and PBSC donors were similar. Among bone marrow donor-recipient pairs, 69% were HLA-identical siblings, whereas 25% were unrelated.
Complications
Donation-related complications were reported in 1.1% (n = 15) of 1337 evaluable PBSC donors. These are listed, as taken from Report forms, in Table 2 . One third of the reported complications appear to be central venous catheter-related. Patients having central vascular catheters were more likely than those having peripheral vascular catheters to have a complication reported (3.6% vs 1.1%, P = 0.02). There was a linear association between increasing complication rates and increasing number of collections. This trend remained significant after adjusting for type of catheter used (central vs peripheral). PBSC donors requiring two or fewer collections also had lower complication rates than donors requiring three or more (0.9% vs 2.5%, P = 0.04). No donor fatalities were reported.
The overall donor complication rate was higher for PBSC donors than for bone marrow donors reported to the IBMTR during the same time period (1.1% vs 0.5%). There were two fatalities reported among 7857 reported bone marrow donations during the same time period.
Discussion
Marrow harvesting is well established as a procurement method for hematopoietic stem cells. Its record of safety has been confirmed in several studies of related and unrelated donors. [11] [12] [13] The safety of PBSC donation was recently reviewed.
14 It may be equally safe and less intensive than bone marrow harvesting, but experience remains limited. The purpose of this analysis was to expand on the limited information currently available by evaluating donors reported to the IBMTR and EBMT. Although neither organization collects extensive donor-related data, each has information on reported adverse events in a very large cohort of allograft donors.
Two interesting findings emerged from this study. The first was that only 40% of donors underwent a single apheresis and that a sizable (15%) proportion underwent three or more collections. Recently reported data from US and European centers suggest 50-70% of normal donors can be successfully harvested with one collection, and about 85% in two or fewer collections. 6, 15, 16 Differences in target hematopoietic stem cell dose, leukapheresis procedures and duration and type of vascular access may explain the variation in the number of aphereses performed. Greater use of large volume apharesis may reduce the need for multiple collec-tions. A somewhat surprising finding was that 20% of donors had a central vascular catheter placed for apheresis. Several recent reports suggest central catheterization is necessary for venous access in as few as 5% of donors, [4] [5] [6] 15 while other centers may use them routinely. 17 G-CSF was almost universally employed as the mobilizing cytokine. This is consistent with cytokine use in normal PBSC donors reported in the literature. 14, 18, 19 The donor complication rate reported in this study was 1.1%, with one third of PBSC donor complications catheter-related. All reported catheter-related complications occurred in the central vascular catheter group. This overall rate is comparable to the complication rates for marrow harvesting published in the literature (on much larger numbers of donors), which have ranged from 0.27% to 5.9%. [11] [12] [13] It is higher than the complication rate for marrow donors found in the IBMTR database (0.5%). No fatalities were reported among PBSC donors. Serious adverse events have been reported elsewhere, including splenic rupture. 20, 21 One limitation of this study is the potential for reporting bias. PBSC collections and peri-procedural medical management of donors is often exclusively performed by the bone marrow transplantation service. Conversely, anesthesiologists and operating room staff are more involved in bone marrow harvest procedures, and may not be included in the usual complication reporting mechanisms to the IBMTR. These two factors, along with the relatively novel nature of PBSC collection, may favor reporting of complications in the PBSC donor group. While this bias may affect the comparison of complication rates between the bone marrow and PBSC donor groups, it should not affect comparisons within the PBSC donor group.
Another limitation is the open-ended nature of the inquiry regarding complications. Complications considered 'unimportant' might not have been reported in either group. Thrombocytopenia, reported as a complication in three donors in the PBSC group, may be reasonably considered an anticipated side-effect, although severity in each case is not known.
In conclusion, these data suggest that PBSC donation for allogeneic PBSC transplantation is becoming more prevalent worldwide. Although experience with bone marrow harvesting is much more extensive, PBSC donation appears to be reasonably safe. Data from this study would suggest caution in use of central vascular catheters for cell collection. The issue of possible long-term effects must be addressed as additional follow-up data for PBSC donors become available. 
